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LOW-SPEED INVESTIGATION Ol? THE AERODYNAMIC, CONTROL, AND 

HINGE-MCMEWC CHARACTERISTICS OF TWO TYPES OF 

CONTROLS ON A DELTA-WING-FUSELAGE MODEL 

E3y William I. Scallion 

An investigation was made in the Iaugley -1-scale  tunnel  to 
determine  the  low-speed  aerodynamic and control  characteristics of a 
3-percent-thick 600 sweptback  delta-wing--fuselage  combination  with 
half-delta  tip  controls and horn-balance-type  controls.  Tests  were 
also  made with chord-plane-mounted  nacelle8  located at three  different 
spanwise  positions on the wing. Aerodynamic  forces and moments and 
hinge-moment data were  obtained through the  angle-of-attack  range  at a 
Reynolds number of 2.3 x 106 and 8 Mach number of 0.10. 

The  longitudinal  and lsteral control  effectiveness of the half- - delta and horn-balance-type  controls on the mdel without  nacelles 
decreased at high angles of attack.  The  horn-balance-type  control 
was approximately  twice a8 effective  as  the  half-delta  tip  control 
throughout  the  angle-of-attack  range.  The  longitudinal and lateral 
control  effectiveness of both  controls was fmproved by installing nacelles 
adjacent to the  controls.  Adverse  yawing  moments  were  produced by both 
controls at positive  control  deflections and angles of attack  above 4.3'. 
The  outboard (0.67 semispan)  nacelle  adJacent  to  the  half-delta  tip 
control  caused  that  control  to  produce  large  adverse yawing moments 
with  negative  control  deflections  and  high  angles of attack.  The  control 
hinge  maments  of  the  half-delta  tip  control  were small but  varied n o w  
linearly  with angle of  attack and control  deflection. The nacelle  mounted 
adjacent  to  this  control  caused a shift from negative  to  positive  hinge 
moments for negative  control  deflections.  The  hinge-moment  character- 
istics of the  horn-balance-type  control  were  more  nearly  linear  than 
those of the  half-delta  control and large  negative  values of the  rate 
of change of hinge-moment  coefficient  with  angle of attack and right 
control  deflection and Chsr were  obtained from this  control. 
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IITRODUCTION 

The  present  interest in thin  delta wings for high-speed  aircraft 
has  resulted  in a need  for  considerable  information on the  control  char- 
acteristics of such  wings  over  the  complete  speed  range.  Recent high- 
speed  investigations on the  control and hinge-mment characteristics of 
various  controls on delta wings (refs. I to 3) have  shown  that half- 
delta  tip  controls  maintain  more  satisfactory  control  effectiveness  with 
lower  hinge  moments than other "pes of controls  at  transonic and super- 
sonic  speeds.  Investigation of the  effectiveness of  tip  controls has 
been  extended  to  the  low-speed  range,  for  example, by references 4 and 5;  
however,  the  hinge-moment  characteristics  of  such  controls  have not been 
adequately  studied in d e w  of the -ked  variation on tip  loading  with 
angle of attack known to  exiet on highly swept  wings  subject  to  leading- 
edge-separation  vortex-type flow. In addition,  there is little informa- 
tion  on  the  effects of chord-plane-muted external  stores or nacelles 
on the  characteristics of tip  controls;  therefore,  these  effects  merit 
study in  view of the  influence of such  nacelles on the  leading-edge 
vortex and low-speed stall ck8cteristics as  indicated  by  reference 6 .  

As part of a program of investigation of the  low-speed  aerodynamic 
and  control  characteristics of t h i n  delta vings in the Langley full- 
scale tunnel, the  tests  reported  herein  were  made on a 3-percent  thick, 
600 sweptback delta-wing-melage combination  with  two  types of tip 
controls.  These  tests  included  the  effects of chord-plane-mounted 
nacelles  at  three  different  spanwise  positions on the wing. Aerodynamic 
forces  and momenti; as well as control  hinge-moment  data  were  obtained 
in  the  angle-of-attack  range of -3.70 through maximum lift for several 
control  deflections.  The  test Reynolds rider was 2.3 x 106 and t h e  
Mach  number was 0.10. 

C O E F F I C I r n  AMD SYMBOLS 

All results  are  presented in standard U C A  form of coefficients of 
forces and moments. The wfng moments  are  referred  to  the  model axes 
originating  at the projection of the  quarter-chord  point  of  the mean 
aeroaynamic  chord on the phne of.symmetry. The  positive  directions  of 
forces,  moments, and control  deflections  are shown in  figure 1. The 
coefficients and symbols are  defined  as follows: 

CL lift  coefficient, L/qS 

ck hteral-force coefficient, Y/qS 
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pitching-moment  coefficient, M/qSE 

yawing-moment  coefficient, H/q= 

roUing-mment coefficient, L /q= 

hinge-moment  coefficient , half-delta  tip  control, H/qSaEa 

hinge-mmnent  coefficient,  horn-balanced  tip  control, E/2qQ 

rate of change of pitching-moment  coefficient  with  right 
control  deflection, &&/as, 

rate of change of rolling-moment  coefficient  with  right 
control  deflection, &,/as, 

rate of change  of  hinge-moment  coefficient with angle 
Of attack, &/&Y 

rate of change of hinge-moment  coefficient  with  right 
control  deflection, &/&r 

lift,  lb 

lateral  force,  lb 

pitching  moment, i t - l b  

yawing moment, Ft-lb 

rolling moment, ft-lb 

hinge  moment, ft-lb 

mass density of air,  slugs/cu  ft 

fYee-stream  dynamic  pressure, @V2, lb/sq ft 

free-stream  velocity,  ft/sec 

total  wing  area, sq ft 

axea of one  control  surface, sq ft 

moment of area of control  surface  rearward of hinge  line 
about  hinge  line,  ft3 
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wing  chord  measured  parallel  to  plane of symmetry, ft 

wing  mean  aerodynamic  chord  measured  parallel  to  plane 

of  symmetry, ELb’* cay, ft 

Ea control man aerodynamic  chord 

b wing  span,  ft 

Y distance along lateral  axis, ft 

a angle of attack of wing chord  line,  deg 

8 control  deflection,  positive  trail--edge  down,  deg 

x0 longitudinal  f’uselage ard nacelle  coordinate, in. 

Yo lateral  fuselage and nacelle  coordinate,  in. 

Subscripts: 

r right 

2 left 

MODEL AND TESTS 

The  model  of  this  investigation had a delta-plan-form  wing  with 
60° sweepback  at  the  leading  edge, an aspect  ratio of 2.31, and  NACA 
65A003 airfoil  sections  parallel  to  free  stream.  The  wing was symmetri- 
cally  located on the  fuselage with the mimum thickness  point of the  fuse- 
lage O.l7E ahead of the O.25E pofnt  on the wing. Coordinates for the  fuse- 
lage,  nacelles, and wing  section  are  given i n  tables I and 11. The  general 
arrangement of the model and controls, as  well  as  the  three  nacelle  posi- 
tions  investigated,  are sham in  figure 2. The  nacelles  were  tested 
at  three  spanwise  stations (0.3%, 0.4& and 0.67g). A more deta i l ed  

drawing of the  controls  is  given  in  figure 3. As shown  in  this  figure, 
the  controls  were  tested  in  two  configurations, a half-delta  tip  control 
(configuration A )  and a horn-balance-type  control  (configuration B) . 
The  total  control  areas of the  two  controls  were 5.2 and 10.2 percent 
of the  to-kl  wing mea, respectively.  Illustrations  and  designations 
of the  configurations  tested are a h m  In figure 4. Six  configurations 
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- based  on  the  two  types of controls  and  three  nacelle  locations  were 
used in the  investigation. Both  controls  were  tested  without  nacelles 
on the  model. In  addition, the  half-delta  tip  control  was  tested  with 
the 0.4% and 0 . 6 7 ~  nacelles and the  horn-balance-type  control  was 

tested  with  the 0.3% and 0.4& nacelles. For mst of the  tests  the 
controls  were  deflected on the  right  wing only, with  the  exception  of 
some exploratory  tests  made  with  the  left-  and  right-wing  controls 
deflected a8 ailerons  (Er = 41)- 

- b 
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Aerodynamic  forces and m n t s  and  hinge-moment  data  were  obtained 
through the  angle-of-attack  range  of -3.p to 36.30 at  zero yaw for  con- 
trol  deflections of &O0, -300, -No, -loo, @, 100, 20°, and 30°. The 
data  were  taken by mans of a six-component  strain-gage  balance  in  the 
fuselage  and  strain-gage  beams  attached  to  the  control  surfaces.  The 
model  was  mounted on a sting  support  for  tests in the Langley full-scale 
tunnel  as shown in  figures 5 and 6. The  model  tests  were  conducted 
separately from those  of  the  semispan  wing shown in figure 6. A l l  tests 
for  the  delta  wing  were  conducted  with  the semispan wing  set at zero- 
lift  attitude  after  detailed  flow surveys made  for this condition  did 
not  indicate any interference  effects.  The  tests  were  made  at a Reynolds 
number of 2 .3  x 10 6 based on the  mean  aerodynamic  chord and at a Mach 
number of 0.10. The  data  have  been  corrected for  jet  blockage and an 
average  stream  angle of 0.3~. Calculations  were  made  to  determine  the 
jet-boundary  correction  (by  method of ref. 7) and buoyancy  correction 
as  applied to the data, but  they  were found to  be negligible and  there- 
fore  were  not  applied.  The  controls  were  not  rigid  and  the  control 
deflection  angles have not  been  corrected  for  additional  deflection 
caused by air loads on the  surfaces;  however, a plot of control  deflec- 

in  figure 7 -  The  estimated  accuracies  of  other  quantities  are: 

- 
- tion  due  to  hinge-moment  against  hinge-moment  coefficient  is  shown 

a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.2 

Hinge-moment  coefficients . . . . . . . . . . . . . . . . . . .  rO.008 
Aerodynamic  forces and moments,  percent . . . . . . . . . . . .  f2 

PRESENTATION OF DATA 

The  longitudinal  characteristics  (lift  and  pitching  moment)  of  the 
several  model  configurations  tested  are  presented  in  figure 8. In order 
to  isolate  the  effects of the  nacelles on the  longitudinal  control  char- 
acteristics,  the  variation  of C, with 6, for  each  nacelle-control 
configuration  is  presented  in  figure 9. Longitudinal  control  effective- 

ness (%, O0 j against a at 6, = is  given  in  figure 10. Figure I1 - 
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shows a comparison of the  total  rolling-moment  coefficients for control 
deflections of 6, = 200 and 82 = -ao with  the  equivalent total 
rolling-mmnent  coefficients 8s obtained  by  conibining  the  rolling 
moments  produced by t h e  right w i n g  control only at 6r = 200 and -200. 
The  basic  lateral  characteristics (Cy, &, and Cz against a: for 
each  control  configuration)  are  presented fn figure 12, and control 
effectiveness  data  C2  against 8r are  shown  in  figure 13. In fig- 
m e  14 the  variation of the  control  parameter Kith  angle of 
attack  at 6, = Oo, -loo, and -20' is  given  for  both  control  conf  igura- 
tions wfth and without  nacelles.  The  variations of yawing-moment 
coefficient  with  control  deflection  at  several  angles of attack are 
given in figure 15. The  hinge-moment  characteristics ch against a 
and C h  against 6, ) for all  the  control  configurations  are shown in 
figures 16 and 17, respective~y. 

( ) 
'br 
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RESULTS 

Longitudinal  Chmacteristics 

The  lift and static  longitudinal  stability  characteristics of the 
basic  model  without  controls  for  several  nacelle  installations on the 
wing have  been  presented in reference 6 .  Although the main purpose of 
the  present  tests  is  to  determine the lateral control  characteristics of 
the  various mdel-control conibinations,  there  is  current  interest Fn 
using  trailing-edge  controls as longitudinal  as well as  lateral  control 
devicee;  therefore, a brief  discussion of the longitudinal control char- 
acteristics as obtained from single control  teste is presented  here. 

As can  be  seen f r o m  figure 10 the  longitudinal-control  capabilities 
of the  half-delta  tip  control on the  basic  model  without  nacelles are 
small (,%, = -0.00089 at 6, = 0' and a = 0.3'). This  result would 

be  expected  siilce  the  control  area  is only approximately 5 percent of the 
gemispan-wing area  and  the  moment a r m  of the  contrQl  hinge  line  about 
the  arbitrary mdel center of gravity  (O.25E)  is only 58 percent of the 
mean aeroaynamic  chord. The horn-balance-type  control  is approximtely 
twice  as  effective a6 a longitudinal  control as the  half-delta t i p  con* 
trol (% = -0.002 at 6r = 00 and a = O.jO). Control  effectiveness 
of both  controls  decreased  with  increasing  angle of attack, s r  
equaling  approximately -0.0006 and -0 .OOE at a = 24.3O for the 
half-delta and horn-balance-type  controls.,  respectively.  Addition of 
the  inboard  nacelles to the  half-delta and horn-balance-type control 
configurations  (configurations A-48 an& B-33) had little  effect on the 

r 
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longitudinal  characteristics  in  the  angle-of-attack  range  presented. 
The  outboard  nacelles,  (configurations A-67 and B-48)  wbich  were 
adjacent  to  the half-delta asd horn-balance-type  controls  produced some 
increases  in  longitudinal  control  effectiveness of  both types of controls 
in  the  low  positive  to  high  negative  control-deflection  range  (fig. 9 ) .  
At a = & . 3 O ,  the  value  of Cmsr for  the  half-delta  control  with  the 
outboard  nacelle  increased to -0.OOlO7 and  the  value of for the 
horn-balance-type  control was increased  to -0.00145 by  its  adjacent 
nacelle. 

r 

Lateral  Characteristics 

The  results  of  tests  made  to  determine  the  validity of the 
assumption  that  the  effectiveness of differentially  deflected  tip 
controls  would  be  adequately  represented by tests  of  the  control on 
one  semispan are shown in figure 11. Good agreenent  is  indicated  up 
to a = 24.3' and thus  indicated  that  there was no mutual  interference 
of the  semispan loadfngs due  to  tip  control  deflection.  The  basic 
lateral-control  data (Cy, &, Cz against a) are,  therefore,  pre- 
sented  for  the  right  semispan  control  deflected only (fig. 12). F r o m  
figures 12(a) and 12(d),  the rolling-moment  characteristics  show  that 
control  reversals  are  encountered  with positive deflection of the half- 
delta  tip and horn-balance-type  controls on the  model  without  nacelles 
at  angles  of  attack  above  approxFmately 28O. This  result  is  probably 
due  to  the  control  stall and its  effect on the  loading on the  outer 
part of the  right  wing  at  these  angles  of  attack  which  cauees an eerly 

reversals  are  alleviated,  probably  because  the  nacelles  tend  to  reduce 
the  interaction  between  the  loading on the  outboard  portion and the 

- stall  on  that semispan. With  the  nacelles  installed  the  control 

.. fnboard  portion of the  semispan.  (See  ref. 6.  ) 

In  figure 13 (Cl agahst 6,) the  lateral  control  effectiveness 
of  the  control  configurations  exhibited approxbately linear  character- 
istics from low positive to moderate  negative  control  deflections 
through  most of the  angle-of-attack  range, but at  positive  control  deflec- 
tions  greater than 6, = 10' there was a loss in  control  effectiveness 
at  moderate  angles  of  attack  which  indicated  that  the  controls had 
stalled. 

The  parameter Cz8,  for all control  configurations  (fig. 14) was 

obtained from figure 13 by taking  the  approximate  slopes of the  curve 
for Cz against 6, at 6, = Oo, -loo, and -200. A t  6, = Oo, the 

nacelles  decreased  with  increasing  angle of attack from -0.00055 at 
* control  effectiveness of the half-delta tip  control on the  model  without 



a = 0.3' to -0.0003 at a = 28'. The  horn-balance-type  control  is 
twice  as  effective  as  the  half-delta  tip  control  through mst of the 
angle-of-attack  range.  This  increased  effectiveness  is  more than would 
be  expected by doubling  the  area  of  the  --delta  tip  control  (see 
ref. 4) and  can  be  attributed  to the more  effectively  loaded  inboard 
half of the horn-balance-type  control.  Addition of the  inboard 0.4% 

and 0.3% nacelles to the  half-delta  and  horn-balance-type  control 
configurations,  respectively,  did  not  generally  affect  the  control 
effectiveness of the two controls. When the  nacelles  were  moved  to 
positions  adjacent  to  the  controls,  however,  control  effectiveness was 
increased  at all angles of attack,  especially  that of the  half-delta 

( 
) 

delta  control  maintained  constant  effectiveness (Cz8, approxfmately 
-0.0006) up to a = @IO. The.  nacelle of this  configuration  increased 
the  effectiveness of the  half-delta  tip  control mre than might  be 
expected on the  basis of previous  tests of a half-delta  tip  control 
with  adjacent  circula;r  end  plates  (ref. 4). 

The  values of Cbr at 6r = -loo and -200 indicate  that,  at 
angles of attack  below U0, the  half-delta and horn-balance-type  controls 
with an initial  deflection of -100 or -20' wouLd be  less  effective than 
the same control with an initial  deflection of 0'. Above a = 120, 
there  are only small differences in control  effectivenese  between €jr = 00, 
-I@, and -200. The yawing  characteristics  introduced by deflecting  the 
controls (C, against 6, are  shown in figure 15. Adverse pwing 
moments  were  produced by positive control deflections for all  the con- 
trol  configurations  tested.  The  yawing mments of the  basic  model  with 
negative  deflection of the  half-delta  tip  control  were  favorable through 
m e t  of the  angle-of-attack  range.  Above a = &. 3 O ,  however,  negative 
control  deflections  produced  adverse  yawing mments. The  yawing  moments 
of the  basic  model with the  horn-balance-type  control  tended  to  become 
adverse with -11 negative  control  deflections  at  angles of attack 
above 8.3O. Addition of the inboard 0.4% and 0.3%) nacelles to the 
half-delta  and  horn-balance-type  control  configurations,  respectively, 
had only small effects on the y-awing mments due  to  control  deflection 
through most of the  angle-of-attack  range;  however,  at  high  angles  of 
attack  (8bove a = & . 3 O ) ,  they tended to reduce  the  adverse y a w i n g  
moments of the  basic  model at negative  control  deflections. W i t h  the 
outboard (0.6@) nacelles installed on the  half-delta  control  configura- 
tion,  negative  deflection of the  control  produced  Large  adverse y a w i n g  
moments,  especially  at  high angles of attack.  Near maxirmrm l i f t ,  

1 
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- control  deflections of -20' to -TO0 produced an adverse  yawing-moment 
coefficient  of  approximately 4.012. The  outboard 0 4% nacelles had 

little  effect on the yawing  characteristics  of  the  horn-balance-type 
control  configuration. 

- ( -  3 

Hinge-Moment  Characteristics 

The  hinge-mrrment  characteristics of the  half-delta-tip  and horn- 
balance-type  control  configurations  are  given  in  figures 16 and 17. As 
can  be  seen in figure 16(a) there  is  generally a positive  value  of C& 
in  the low angle-of-attack  range (a = O.3O to 4 . 3 O )  for all the  half- 
delta  tip-control  configurations.  At  these low angles of attack,  the 
control is virtually  balanced as shown in  figure l7(a). Above a = 4.3', 
the  control on the d e l  without  nacelles  exhibited  increasingly  nonlinear 
hinge-moment  characteristics, and C& tended to become  negative 
(fig. 16(a)). In either  case  the  hinge  moments  are small and,  as  the 
control  is  nearly  balanced,  it  is  subject  to  erratic  hinge-moment 
characteristics,  even  with small center-of-pressure  variations  which 
are known to  occur on the  tips of delta wings having the  leading-edge 
separation  vortex passing across  the  control  at  moderate  angles  of 
attack.  Addition of the  inboard 0.4 nacelles  to  the  half-delta 
control  configuration  (fig. l7(a)) produced only minor  changes  in  the 
hinge-moment  characteristics of the  control;  however,  the  outboard 

0.67- nacelles  caused  considerable  change  in  the  hinge  moments  at 
negative  control  deflections for all angles of attack  above 4'. A t  
these  angles  the  nacelles  caused  the  controls to exhibft  increasingly 

- positive  hinge moments at negative  control  deflections,  this  posttive 
increment in (& being  equal  to  approximetely 0.12 at a = 2O.3O 
and 6r = -200. 

( 

3 . 

The hinge-mmnt characteristics  of the horn-balance-type  control 
on the  model  without  nacelles  (figs.  16(b) and l7(b))  were similar t o  
those  of am outboard  trailing-edge control as shown by previous  tests 
on the  10-percent-thick 600 delta  wing with trailing-edge  controls and 
having  leading-edge-separation  vortex-type flow (ref. 8 ) .  This result 
m i g h t  be  expected  since  the  horn-balance-type  control  is  essentially 8 
trailing-edge  type of control  with a horn-balance  having only 12 percent 
of  the  control-surface  area and the  control  is  subjected to similar 
wing-flow  characteristics.  The  control  has  large  negative  values 
of % and C b  through mst of the  angle-of-attack  range, some 

control  deflections.  Addition of the  nacelles  (figs. 16(~) and 16(d)) 

r 
* nonlinear  characteristics  occurring  at  high  angles of  attack  and  Large 



causes a reduction  in  the  slope of t h e  curve  for  against a 
especially  at  the  higher  angles of attack;  this  reduction  indicates 
a forward  shift of the  control  center of pressure  resulting f r o m  
the  influence of the  nacelles on the  basic flow characteristics  over 
the  outboard  section  of  the wing. (See  ref. 6 . )  The  nacelles  had 
little  effect on the  variation of % with 6, for the  horn-balance- 
type  control  at  low  angle8 of attack;  however,  at  angles of attack 
above 120, the  nacelles  tend  to  reduce C!& at  positive  control 
deflections  (fig.  l7(b)). In addition,  the  outboard 0 48- nacelles 
increased Chsr at negative  control  deflections  in  the same angle- 
of-attack  range. 

( -  3 

The  results of the  low-speed  investigation of the  aerodynamic, 
control,  and  hinge-moment  characteristics of a delta-wing-fuselage 
model  with  half-delta  ttp  controls and horn-balance-type  controls of 5.2 
and 10.2 percent  of  the  total  wing mea,  respectively,  with and without 
chord-plane-mounted  nacelles may be  summarized 8 s  follows: 

1. The  half-delta  tip  control on the  model  without  nacelles had 
low  longitudinal  and  lateral  control  effectiveness in  the  higher  angle- 
of-attack  range.  The  horn-balance-”pe  control  on  the model without 
nacelles had about  twice  the  longitudinal  and  lateral  control  effective- 
ness of the half-delta tip  control  through  most of the  angle-of-attack 
range. 

2. Both  controls on the  model  without  nacelles  produced  adverse 
yawing  characteristics  at  positive  control  deflections  throughout  the 
angle-of-attack  range.  At  the  higher  angles of attack,  negative  deflec- 
tion  of  both  controls  a180  produced  adverse  yawing  characterietics. 

3. The  presence of the  inboard (0.48 semispan  and 0.33 semispan) 
nacelles  had only minor  effects on the  longitudinal and lateral  control 
effectiveness of the  half-delta  and  horn-balance-type controls, respec- 
tively, but the adjacent  nacelles (0.67 semispan and 0.48 semispan, 
respectively)  increased the longitudinal and lateral  control  effective- 
ness of both  controls,  especially  the  half-delta  tip  control. 

4. The inbowd (0.33 semispan and 0.48 semispan)  nacelles  did  not 
have much effect on the  yawing  characteristics due to  control  deflection 
of the  half-delta  and  horn-balance-type  controls,  respectively.  The 
outboard (0.67 semispan)  nacelles on the  model  with  the  half-delta  tip 
control  caused  large  adverse  yawtng  moments  at  negative  control  deflec- 
tions  and  angles of attack  above 12.3O. 

5,  

J 



11 

- 5. !Be halfdelta tip  control eAibited nonlinear  hfnge-moment 
characteristics,  although  the  hinge  moments  were small because the 
control was nearly  balanced. The  horn-balance-type control hinge 
moments  varied  more  nearly  linear  with  control  deflection and angle 
of attack and were  characterized by high negative  values of the  rate 
of change of hinge-moment  coefficient  with  angle of attack and right 
control  deflection C k  and C k r )  and large  hinge  moments. ( 

6. The 0.67 semispan nacelles  caused a large  positive  increment 
i n  hinge-moment  coefficients of the  half-delta  tip control  at  negative 
control  deflections and angles of attack above 4.3.  The 0.48 semispan 
nacelle on the  half-delta  tip-control  configuration  and  the 0.33 semispan 
and 0.48 semispan nacelle  locations on the  horn-balance-type  control 
configuration had only small effects on the basic  hinge-moment  character- 
istics of the halfdelta and horn-balance-type  controls,  respectively. 

Langley  Aeronautical bboratory , 
National Advisory Connnittee for  Aeronautics, 

Langley  Field,'  Va. 
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TABU I 

COORDINA!ES OF FUSELAGE AND NACELLES 

Fuselage ordfnates 

Station 

0 
1 
2 
3 
4 
5 
6 
7 

9 
10 
13. 
12 
13 
14 
15 
16 
17 

a 

xot in. 

0 
072 

1.08 
1.80 
3060 
7 a 2 0  
10.80 
14a40 
21.60 
28.80 
36 00 
43a20 
50.40 
5'7.60 
64.80 
72000 
79  020 
86040 
93 a 60 
100080 
108 a 00 
115 e 2 0  
120.00 

I Nose radius = 0.072 in. 

Nacelle ordinates 

Station 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
1'7 
18 
19 
20 
21 
22 

X3, in. 

Nose radius = 0.139 in. 
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TABLF I1 

NACA 65AOO3 AIRFOIL ORDINATES 

Station, 
percent chord 

0 
.5 
75 

1.25 
2.50 
5.00 
7.50 

10 . 00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 
Go. 00 
65.00 

80.00 
85 .oo 
90.00 
95.00 

100.00 

70.00 
75.00 

Y., 
percent chord 

0 
.234 
.284 
.362 
.493 
,658 
7% 

.9= 
1.097 
1.236 
1.342 
1.420 
1.472 
1.498 
1.497 

1.402 
1.465 

1.309 
1.191 
1 053 

.897 

.727 

.549 

.369 

.188 

.007 

L. E. radius = 0.09% 

. 

c 



Figure 1.- System of axes used. Arrowe indicate  positive  direction of 
forces, moments,  and angular displacements. 



. . . . . . . 

Figure 2 .- General arrangement and pinc ipa l  dimemions of the &lo delta- 
ving model. AU dimensions are given in inchea . 
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4 . 5  I, z5 ”I 
Sec +ion A-A 

Hiage-line  locrtlon - - - - - -  - - - - -  -- - -  0.57 con t ro l  
root ohord 

0.102 

0.88 rlng 
r o o t  obord 

Figure 3. -  Details of the model control surfaces. All dimensions a r e  
given in inches. 



18 NACA RM ~ 5 x 1 8  

Half-delta t i p  oontrola 
Configuration A 

Aalfdslta t i p  controls  
Conflpuratlon A-48 

and O.SSb/Z naoel las  

Horn-belmcs-tTpa  aontrola 
Configuretion B 

Horn-balmce-t controls  
C o P t l g ~ a t l ~  B-48 

and 0 . 4 8 b ~ m c e l l a s  

Horn-baluroe-tm  oontrols 
Configuration B-SS 

a d  O.S3b@ nacel l sa  

Figure 4.- Arrangement of con t ro l  and nacelle configurations teeted. 



P 

Figure 5 .- Photograph of the 60' delta-ving model wlthout nacelles ae 
mounted Ln the Langley full-scale tunael. 



20 NACA €iM ~ 5 x 1 8  

Figure 6 .  - General view of the 60° delta-wing model wlth nacelles mounted 
in the Langley full-scale tunnel. 
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9 0  -40 130 20 T/O 0 ./o .PO .30 
Hinge - moment cscfficienf , 

Figure 7.- Deflection o f  control &aces due to load. P N 
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(a) Conflguration A. 

Figure 8.- Longitudinal characteristics of the delta-whg model. 

. . .  . .  . 
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(b) Configuxatlon A-48.  

Figure 8.- Continued. w Iu 
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(c) Configuration A-67. 

Figure 8.- Continued. 
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(e) Configmation B-33. 

Figure 8.- Continued. 
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. .  



. . . . . . . . . 
I 

(f) Configuration B-48. 

F i w e  8.- Con~ludd. 
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(a) Halfde l ta  tip control. 

Figure 9.- Variation of pitching-moment  coefficient with control  deflection. 



NACA RM ~ 5 3 ~ 1 8  

0 

=m 
-.0#04 
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0 

"- Configuration A-48 

"- Configuration A-67 

Configuration B 

-- - - Configuration B-33 
"- 

I I 
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-# 0020 

Figure 10 .- Variation of Cms, wfth angle of attack (Er = 0'). 
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Figure 11.- Comparison of total rolling-mcppent coefficient8 for 
dFfferentidly deflected C O n k O l S  with those caquted from the 
right semispan control deflections, FLaggea symbols indicate 
the sum of the roVFng m t e  when the controls are sin&' 
deflected. 
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NACA RM ~5x18 - 

(a) Configuration A. 

Figure 12.- Variation of Cy, C,, and Cz with angle of attack for 
the  delta-wing  model with half-delta and horn-balance-type controls. 
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(b) Configuration A-48. 

Figure 12 .- Continued. . 
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(c) Configuration A-67. 

Figure 12.- Continued. - 
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-4 0 4 B / 2  /6 20 24 28 32 36 
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(a) Configuration B. 

Figure 12.- Contimred. - 
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NACA RM ~ 5 x 1 8  35 

(e) Configuration B-33. 

Figure 12.- Continued. 



36 - NACA RM ~5x18 

(f) Configuration 13-48. 

Figure 12.- Concluded. 
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(a) Half-delta tip control. 

Figure 13.- Variation o f  rolling-moment coefficient Cz with control 
deflection  at  several angles of attack. 
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-30 -20 -IO 0 10 20 30 
4, deg 
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4. dey 

(b) Horn-mance-type control. 

Figure 13.- Concluded. 
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(a) Half-delta tip control. (b) Horn-balance-type control. 

Figure 14.- Variation of the control parameter 
cz% an*e Of 

attack for the 60° delta wing ~ l t h  and without nacelles. w 
U J  
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(a) Balf-de1t-s t i p  control. 

Figure IS .- Variatlon of YaKlng-mcmnt coefficient C, with control 
deflection at several angles of attack. 
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(b) Horn-balance-type control. 

Figure 15, - Concluded. 
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Figure 

-4 0 4 8 /2 /6 PO 24 28 32 36 
a:, de9 

(a) H a v - d e l t a   t i p  controls. 

16.- Variation of hinge-moment coef f ic ien t  Ch with angle of - a t tack .  
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(b) Configuration B. 

Figure 16.- Continued. 
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( c )  Configuration B-33. 

Figure 16.- Continued. 
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(d) Configuration B-48. 

Ffgure 16.- Concluded. 

45 



- . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . - . . . . . . .. . 

(a) w - a e l t a  t i p  control. 

Figure 17.- Variation of hinge-moment coefficient C, with control 
deflection. 
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(b) Horn-balance-type control. 

Figure 17.- Concluded. 
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